Energetic-particle pitch angle data and vector magnetometer data, measured along the Ogo 5 inbound orbit near midnight on three magnetically quiet days, August 2, 4, and 25, 1968, were used to infer the magnetic tail field configuration for each day. For the first 2 days the particles, when initially detected, showed isotropic pitch angle distributions (PAD's) (indicative of nonadiabatic motions resulting from the breakdown of the guiding center invariants # and J) but later made rapid transitions to the butterfly PAD (indicative of adiabatic guiding center motion). The lower-rigidity particles made the PAD transitions first and were followed in turn by the higher-rigidity particles as Ogo neared the earth. We have used a simple algebraic model which has allowed us to fit both the magnetic field and the pitch angle transition data. For the latter data fit, the detailed particle trajectories were followed along the model field lines to the neutral sheet. The particles were required to execute adiabatic guiding center motion if they were started from positions on the satellite orbit nearer earth than the point of observed changes in the PAD.
INTRODUCTION
In the companion paper [West et al., 1978] , hereafter called paper 1, we presented energetic electron data acquired on inbound orbits of Ogo 5 near midnight during quiet periods. Here we provide field modeling of selected orbits to show quantitatively the differences that can exist for the quiet-day, near-earth tail configuration near midnight. We have chosen to model the data of August 2, 4, and 25 because they exemplify the total body of data. Also, these data were acquired fairly close to the noon-midnight meridian, thus simplifying the problem of transforming from the dual system of coordinates (dipole near the earth to GSM coordinates down the tail, coupled by an intervening hinging region) to coordinates symmetrical in z relative to the neutral sheet.
For the August 25 data (September 17 and 18 data from paper 1 are similar) we found the butterfly pitch angle distribution (PAD) starting with the first detection of energetic electrons (•79 keV) at • 15 Rs on the inbound orbit. Clearly, the electrons were on field lines that allow adiabatic guiding center motion. Conversely, for August 2 and 4 (exemplifying the rest of the body of data) the first detected electrons on the inbound orbit showed the isotropic PAD (indicative of nonadiabatic motion, i.e., the breakdown of first and second invariants u and J), which later changed to the butterfly PAD (indicative of adiabatic guiding center motion) as Ogo 5 neared the earth. We interpret isotropic distributions as evidence that the elecThis paper is not subject to U.S. copyright. Published in 1978 by the American Geophysical Union.
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trons are on field lines that thread the neutral sheet in a region of weak field and small field curvature so that the electrons cannot execute adiabatic motion. As the electrons scatter out of the neutral sheet region, they return to guiding center motion but still appear to be isotropic at the satellite (except for the loss cone, which we cannot observe). A more thorough discussion of the process is presented in the section on method in paper 1; further insight can be gained from the papers by West et al. [1973a, b] and West and Buck [1974] and from the results section of the present paper.
In this paper we have used a field model that has had good success in modeling both the magnetic field data obtained on the inbound orbit and the rigidity-dependent position at which the PAD changes occurred along the orbit. In adjusting the model to the PAD data we resorted to following the detailed trajectories of the particles from the point of the PAD changes in the orbit to where the model field lines cross the neutral sheet farther down the tail. The results in the plasma sheet are quite convincing and, we believe, still maintain some validity in the tail lobes. From the results of the modeling study we have studied particle motion in the magnetotail, have inferred the cross-tail current in the near-earth magnetotail, and have obtained information on the pressure balance between particles and fields. Most significantly, we have established a method of using particles as probes that with the proper instrumentation can be of extraordinary power in assessing the configuration of the magnetotail.
The particle data used in this paper came from the Lawrence was not only a transition from isotropy to butterfly distribution but also a strong east-west effect, typical of large spatial particle gradients [Buck el al., 1973], which resulted in marked scan-modulated counting rates in regions of both adiabatic guiding center and nonadiabatic motion. Careful considerations were necessary to establish the isotropy to butterfly transition points. The transition points for the five lowest energy electron channels and the two lowest energy proton channels are given in Table 1 . For the protons we have given the beginning and ending points of the region over which the PAD changes were occurring. Because of the subjectivity of these determinations an error of +0.1 Rs is possible.
It is important that the magnetic field data used for the modeling be reasonably accurate; this is especially true of the BZGSM component, since it determines to a large extent where the field lines cross the neutral sheet. There were small offsets in the UCLA data (C. T. Russell, private communication, 1975 Kan [1973] . These models are interesting but would only partially meet our needs.
In selecting a model a question arises concerning the finite thickness of the neutral sheet region suggested by the analysi's of the Imp 1 data by Speiser and Ness [1967] . They seemed to find a region well down the tail over which the field reversal occurs in the range 0.1-1 Rs. This prompted Pudovkin and Tsyganenko [1973] to include in their model a region of reduced-field spatial variation relative to that in the rest of the plasma sheet. The concept of a neutral sheet of finite thickness seems to be a confused issue in the literature. All too often, the term neutral sheet is used when plasma sheet is meant. Here we identify the whole plasma sheet as the region carrying the cross-tail current. However, in general, the current is expected to peak in the region of the neutral sheet which we consider to be a region of field reversal of zero thickness.
In providing a model of the plasma sheet it is necessary to remember that even on a quiet day, fairly large temporal variations can be occurring. Hopefully, one encounters fluctuations around a steady state value, so that these fluctuations cancel out in the modeling. Thus the model can only hope to provide the average of the data, not the fluctuations, unless the fluctuations are occurring on a time scale of several hours.
We have adopted a model of a divergenceless field, symmetrical in z, which contains a near-earth part to handle the region •6-10 Rs and a part containing the tail contribution to handle the region from 10 to 20 Rs and possibly farther. The For the near-earth part we might expect the first term in the dipole expansion (1/x 3) to be useful, but unfortunately, it does not fall off fast enough to describe the observed fields. However, a semilog plot of the Bz data reveals a well-defined, exponentially dependent region of the data suggesting the exp (-a:x) term. For the variations down the tail (x -a,) we used the compilation of experimental results given by Olson [1974] , from which we determined a4 to be • 1. One may include a constant of integration term (-zao) in the Bx equation, but the other terms were adequate without this. The a6 term was important in the near-earth region. The a. term is important in the near-earth region when it is desirable to go to large z (>• 2). The a8 and a5 terms in the tail part represent the z variations in the plasma sheet. The tanh a7z term, of course, provides the desired roll-off of the field at the edge of the plasma sheet to the constant lobe values down the tail. The term was derived theoretically by Harris [1962] and has been used by other workers. We have also had some success with a power series in the z variation, that is, the second part of Bx equaling (power series in z) x-a' +•. However, with that model, one has to go to special effort to provide rolloff of B, at the edge of the plasma sheet. Ideally, we would prefer a term in Bx of the form tanh (aTz + aoS), but it is not readily integrable as would be necessary in providing the cor- In general, in considering particle motion in the magnetotail, one should include the cross-tail electric field [Speiser, 1965 [Speiser, , 1967 [Speiser, , 1971 . Since conditions were magnetically quiet, we considered it acceptable first to ignore the effects of the cross-tail electric field in terms of particle energization and convection. Later in the paper we examine convection, along with some of the details of the motion during breakdown of the invariants; this suggests that convection was not particularly important.
Fits to the Model and Trajectory Studies
For inputs to the models we, of course, used the field observations along the satellite orbit in the plasma sheet. We also required that B, roll off properly to the lobe value at the edge of the plasma sheet and that the cross-tail current derived from (1/#)V x B roll off to zero at the edge. Finally, the rigiditydependent pitch angle transition data should be predicted by the model.
The fits to the field data were fairly direct once the model and the procedure were established. Because of the short-term fluctuations in the data, there may be some question about the model z dependence in the region of the neutral sheet crossing.
However, we feel that Bx • tanh a,z works rather well, although the use of tanh (a,z +aoz a) would improve the fit somewhat for the August 4 data. The fit coefficients are listed in Table 2 , and the field lines are plotted in Figure 3 .
The fit of the August 2 data went especially well. Once the coefficients were established by using the observed field values, we were able to reproduce the pitch angle changes without resorting to changes in the coefficients. Here the choice between the hyberbolic function model and the power law (in z) becomes clear; the adopted model immediately provides the right field variations near the edge of the plasma sheet needed to reproduce the observed pitch angle changes. Table 1 gives the neutral sheet coordinates (x0, z0) of the pitch angle changes (isotropy to butterfly PAD) along the inbound orbit for the August 2 data. We require that the field model allow a particle to move from the point of observed PAD changes along the field line to a region in the model neutral sheet at which the guiding center invariants just start to break down in terms of increasing x,s (the value of x in the neutral sheet). (Note that strictly speaking, the particle motion down the tail should not be called nonadiabatic, since both Speiser [1970] and Sonnerup [1971] In principle, the k equation provides a quick check on the model parameters without having to go through the procedure of following the detailed trajectories of the particles. However, as a check on the procedure we have followed the particles by computer. We started particles off at the x0 values listed in Table 1 at increments above and below the z0 values. Determining the position of invariant breakdown can be somewhat subjective; one does not observe obvious changes in the trajectory plots (some are shown and discussed in the next section). Hence the accurate determination of # and J is important. In any case, the determination of the transition point (xns) for the electrons in the neutral sheet was not overly subjective, having a variation of only +0.1 Re. In the case of the protons, there was more subjectivity. The # and J calculations were not quite as accurate (showed slight fluctuations in regions where adiabaticity was expected), and there seems to be evidence of phase variations. The value of k obtained for E1 is 9.8 -I-2.4 which is typical for the•electrons. The average k are given in the top panel of Figure 14 of paper 1. The neutral sheet crossing, as determined from fitting the data to the model, was at 1912 UT, and the transition from isotropy to butterfly (x0, z0) was equal to (11.44, 0.46) and (11.20, 0.23), respectively, which, followed into the neutral sheet, give crossings of 11.92-11.33 Rs. These values are in good agreement with the k equation, which predicts 11.5 Rs. It is interesting that the transition to the butterfly distribution covered such a wide region. The finite channel width of the electron spectrometer (triangular response, 60-100 keV) could not be responsible for this. Computationally, we find little pitch angle dependency. To a small extent we find that the transition region reflects the phases of the particle motion, that is, that some avenues of approach to the high-curvature region allow easier passage without scatter than do others. Also, we expect that the wide transition region reflects temporal variations in the magnetic field as Ogo traversed this region. However, we believe that a study of the details of the particle motion largely explains the results; we defer this discussion until later.
RESULTS

Field Configuration
In Figure 3 The results in Figure 4 showing the transition points in the neutral sheet for •-d violation, we believe, provide convincing proof of the validity of our modeling efforts. The most obvious immediate conclusion is that electron scattering (as a result of field configuration) operates on all-energy electrons near the edge of the plasma sheet, but then to an observer in the auroral zone the precipitated electron spectrum hardens equatorward. In Figure 4 Figure 6 shows electrons entering the looping mode in the vicinity of the neutral sheet. For these curves, especially the z = 2.05 curves (Figures 6d-6f) , Bz is weak enough that the motions in the x-y and y-z planes are largely decoupled; we see the motion about B• in Figures 6c and 6e. In Figures 7a-7c we have shown weak effects of convective electric fields. Indeed, we have studied the effects of westward electric fields of-1 to -3 mV/m and found results much the same as those reported before [Speiser, 1965 [Speiser, , 1967 Sonnerup, 1971 ]. However, implicit in prior statements but not necessarily obvious is the fact that in the absence of neutral sheet scattering, the inward convection rate at, for example, the equator is independent of the pitch angle.
At this point the PAD transition regions for the 79-keV electrons for the August 2 and 4 data discussed earlier can be more completely explained. As was pointed out earlier, the transition region for the August 4 data (Figure 1) 
Cross-Tail Current
We can gain more insight into our results by examining the cross-tail current through the evaluation of (1/u)V x B. We have not attempted to model the effects of the ring current, so in each case we have an inward terminus to the current system described by the model. The current, derived from the model, peaks in the region of the neutral sheet and rolls off to zero at the edge of the plasma sheet. Note that as we go down the tail, the width of the plasma sheet becomes constant and varies as (cosh 2 a7z)-•x-% +•. For the sheet to narrow with increasing x we need a7 to increase with x. Such a refinement is not warranted by the data, and because of this we evaluate the current to only x = 20. The results are given in Table 3 .
From Table 3 we note that for both August 2 and August 4 the inward terminus of the current system is fairly close to the earth (5.6 and 6.8 Rs, respectively), in contrast to the August (Figure 1 of paper 1) show a very high pitch angle anisotropy for •79-keV electrons; of course, it is not these electrons but the particles of much lower energy that are responsible for the pressure balance. It is interesting to note that the anisotropy must extend down to low energies. However, because we see very little diamagnetic effect in the magnetic field data, we expect that on this day, at < 15 Rs, the low-energy particle population density was much lower than usual.
CONCLUSIONS
We have shown that magnetic field data can be supplemented with PAD data for energetic particles to infer the field configuration. These particles serve as probes of the field at some distance down the tail from the point of observation and provide definite information at the times of the changes in PAD. The procedure is potentially very powerful. With detectors capable of measuring particles over a wide range of rigidity we can probe the magnetotail over tens of earth radii, possibly even into the distant neutral point. Although there may be a problem with turbulence near the neutral sheet affecting the trajectories (especially those of lower energy), we expect that this approach can be useful during disturbed times as well as during quiet times.
Our studies show that even during the quietest period observed (August 25, 1968), the field configuration near midnight becomes taillike beyond 15 Rs. This is contrary to the OlsonPfitzer model [Olson and Pfitzer, 1974a] , which predicts field lines that are fairly dipolelike in these regions. Olson and Pfitzer [1974b] show adiabatic trajectories of 5-keV protons at 20 Rs down the tail as calculated from their model. Although such trajectories may prevail well away from midnight, we have found that 10-keV protons can undergo non-guiding center motion as close in as 8.5 Rs. Even with our most dipolelike data on August 25, we found that 10-keV protons were no longer undergoing adiabatic motion beyond about 11.7 Rs. The existence of particles in the region of #-J violation results in a slow loss of particles to the atmosphere. Although the field configuration is the major contributor to this precipitation, turbulence in the vicinity of the neutral sheet is important too. The effects of turbulence are twofold: the first is the result of resonant interactions, with the resultartt energy changes, and the second is the result of scattering as a result of configuration change, as described in this study.
